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BACKGROUND 

[001] Business data is a source of valuable information and can provide a competitive 
advantage if the data can be quickly and accurately analyzed. Finding valuable 
information hidden in large amounts of data, though, can be quite challenging. Business 
service researches, for example, need to compare daily market changes and sales growth 
rates. This information, however, can be concealed in vast amounts of data. Visual data 
comparison techniques can be extremely useful for revealing such valuable information 
hidden in data. 

[002] Visual data comparison techniques include simple graphical techniques, such as 
bar charts, pie charts, and x-y charts. These simple graphical techniques are easy to use 
but offer limited information, especially for visually evaluating large amounts of business 
data. For example, simple bar charts or pie charts show highly aggregated data while 
simultaneously omitting many other data values, such as data distribution of multiple 
attributes, patterns in data, correlations, or other detailed information. 

SUMMARY 

[003] In one embodiment, a method for presenting data comprises receiving the data; 
and deriving a multi-level dynamic hierarchical structure for the data based on drilldown 
sequences input from a user, wherein the drilldown sequences automatically compute a 
graphical visual comparison of the data and comprise: deriving a multi-pixel bar chart to 
display an aggregated data paradigm; and deriving a graphical illustration to display a 
data distribution paradigm. 
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[004] Other embodiments and variations of these embodiments are shown and taught in 
the accompanying drawings and detailed description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[005] Figure 1 is a multi-level hierarchy structure according to an exemplary 
embodiment of the invention. 

[006] Figure 2 is an exemplary multi-level hierarchy structure of Figure 1. 
[007] Figure 3 is a drilldown illustration of hierarchy level (2) of Figure 2. 
[008] Figure 4 is an exemplary bar key for use in Figures 3, 5, 7, and 8. 
[009] Figure 5 is drilldown illustration of hierarchy level (3) of Figure 2. 
[0010] Figure 6 is a comparative illustration for Figure 5. 
[001 1] Figure 7 is a drilldown illustration of hierarchy level (4) of Figure 2. 
[0012] Figure 8 is a comparative illustration for Figure 7. 

[0013] Figure 9 is a flowchart illustrating a method in accordance with an exemplary 
embodiment of the present invention. 

DETAILED DESCRIPTION 

[0014] In an exemplary embodiment, the present invention is directed to visual data 
comparison techniques for quickly and easily comparing, analyzing, and/or revealing 
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information in large amounts of data. The invention, for example, can be utilized to 
visualize valuable information concealed in vast amounts of data, such as business data. 
As one example, differences, changes, or trends in large amounts of data can be distilled 
to be quickly and easily visually apparent. 

[0015] Figure 1 illustrates one exemplary embodiment as a multi-level hierarchical 
structure. This structure, for example, may be embodied in various systems, methods, 
and/or apparatus. The structure provides a visual comparison of data using a multi-level 
hierarchical tree to automatically compute and compare changes over time of data. The 
changes can be visually revealed in various paradigms. The changes, for example, can be 
revealed in two paradigms: changes in aggregated data (such as total values), and changes 
in how data is distributed. These changes, and corresponding comparisons, can be 
revealed with different visualization techniques or visual data comparison techniques and 
still be within the scope of the invention. Further, embodiments within the invention are 
applicable to various types of data and are not limited to, for example, business data. 

[0016] The hierarchical structure of Figure 1 includes a plurality of different levels. 
These levels can vary in type, number, or degree, just to name a few examples. Figure 1, 
for example, shows numerous different levels, shown as level (1), level (2), level (3), and 
continuing to an n th level, level (n th ). 

[0017] In one exemplary embodiment, the hierarchical structure of Figure 1 utilizes user 
drilldown event sequences to provide a dynamic hierarchical tree structure that 
automatically performs comparisons with data at a previous level. These comparisons are 
visually displayed to the user in the form of, for example, graphical illustrations. The 
visual comparisons are automatically constructed or generated based on user input 
information or specified user drilldown sequences, choices, or selections. For example, if 
the user commences at level (2) and drillsdown to the first block in level (3), then a first 
visual comparison is automatically generated and presented to the user. If, on the other 
hand for example, the user commences at level (2) and drillsdown to the second block in 
level (3), then a second visual comparison is automatically generated and presented to the 
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user. The second visual comparison would be different than the first visual comparison 
since the drilldown sequences between the two examples are different. 

[0018] Embodiments in accordance with the present invention comprise a dynamic 
hierarchical tree structure. As used herein, the term "dynamic" means characterized by or 
having the ability to change or alter. Thus, the configuration, structure, or sequence of 
hierarchical tree can change depending on user selections or drilldown sequences made 
by the user. Figure 1 shows that the hierarchical tree can have a multitude of levels and a 
multitude of components (shown as blocks 1 st , 2 nd , ... N th ) in each level. The 
configuration, structure, or sequence of the hierarchical tree, thus, changes or alters 
depending on the drilldown choices made by the user. 

[0019] The term "drilldown" or "drill down" (or variations thereof) is used when 
referring to moving down through a hierarchy of folders and/or files in a file system like 
that of Windows. The term may also mean clicking, selecting, and/or navigating through 
a series of dropdown menus or graphical illustrations in a graphical user interface. 
Drilldown layers, for example, allow the user to explore the graphical illustration in a 
hierarchical manner by pointing, clicking, and/or selecting on the part of the graphical 
illustration where more detail is needed but illustrate an exemplary embodiment for 
discussion. 

[0020] The hierarchical structure in accordance with the present invention can be utilized 
in various environments and with various functions or purposes. In one embodiment, for 
example, the structure is used to provide a visual comparison of current data values (such 
as ranking average, standard deviation, and data distribution) within average group values 
of a previous or adjacent upper level in the multi-level hierarchical structure. Looking to 
Figure 1, for example, if a user drillsdown from level (2) to level (3), then a comparison 
of data between level (3) and level (2) can be automatically computed and then presented 
to the user in the form of a graphical illustration. In other words, as the user drillsdown 
from a first level to a second level in the hierarchical tree, comparisons of data between 
the first and second levels are automatically performed or computed and then these 
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comparisons are visually presented to the user. Preferably, such comparisons are 
computed in real-time for presentation to the user via, for example, a graphical user 
interface. 

[0021] Various paradigms or models can be utilized in embodiments in accordance with 
the present invention to provide visual comparisons of the data between adjacent levels in 
the hierarchical tree. The visual comparison, for example, can be revealed in the 
utilization of both aggregated data and data distribution. Aggregated data provides 
information that can be quickly and easily analyzed. Data distribution provides much 
more detailed information, such as on ratios, proportional information, and exceptional 
data. 

[0022] Figures 2-8 illustrate exemplary embodiments in accordance with the present 
invention and provide examples of the features discussed in connection with Figure 1. 
Figures 2-8, however, are intended to be illustrative in nature. As such, specific 
numerical data values (such as specific quantities, dollar amounts, etc.), data categories 
(such as specific calendar periods, product types, regions, etc.) or other specific 
information should be interpreted as illustrative for discussing exemplary embodiments. 
Such specific information is not provided to limit the invention. 

[0023] Figures 2-8 represent visual data comparison techniques for a hypothetical 
company. For illustration, large amounts of business type data are assumed to exist. This 
data may be gathered and/or compiled over a period of time for a variety of different 
products in a variety of different regions. In the scenario, data is gathered over a one year 
period, shown at level (1) as "Year-1" in Figure 2. Level (2) illustrates that this data is 
divided into monthly increments, January through December for the given year. As 
shown in level (3), each month can be further divided into respective days occurring in 
the month. January, for example, is divided into 31 days to represent January 1 st through 
January 31 st . Each day is further divided into respective regions, shown as Region- 1 
through Region-N in level (4). These regions, for example, could represent cities, states, 
countries, or other geographical boundaries. In turn, a plurality of products, shown as 
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Products- 1 through Products-N, is provided for each respective region. Of course, the 
hierarchical structure of Figure 2 does not need to be limited to any particular time frame, 
geographical boundary, or product. 

[0024] Figure 3 is a drilldown illustration of hierarchy level (2) of Figure 2. For 
illustration purposes, assume that a user starts at "Year-1" in level (1) and then 
drillsdown to the month of January in level (2). As the user performs this drilldown 
sequence, the graphical illustration in Figure 3 is automatically generated or computed 
and then visually displayed to the user, for example, on a display of a computer or other 
electronic device. For illustration purposes, the month of January in Figure 3 is shown as 
a pixel bar chart. The illustration includes an X-axis that represents the 31 different days 
in the month of January. The Y-axis represents a dollar amount ($ Amount). A bar exists 
for each day of the month. Two numbers appear above each bar. A first number 
represents a number of events or transactions (# Transactions) that occurred for the 
specific day in the month of January. A second number represents a total dollar amount 
(Total $ Amount) corresponding to the money or dollar amount for the respective number 
of transactions. For example, the number of transactions could represent the number of 
sales of product and/or services or contracts that occurred on a specific day/Further, the 
total dollar amount could represent the amount of sales corresponding to the specified 
number of transactions. As shown for illustration purposes, January 1 st had 100 
transactions with a total dollar amount of 4 million dollars. Of course, the dollar amounts 
could be given in any denomination, and number of transactions or dollar amounts could 
be given with various multiplies (such as 10, 100, 1000, etc.). 

[0025] In Figure 3, the bars each have an equal height. The width, though, corresponds to 
a number of transactions that occur for the specific day. For example, since January 2 nd 
has 150 transactions and January 3 rd has 50 transactions, the width of the bar of January 
2 nd is three times the width of the bar of January 3 rd . 

[0026] In an exemplary embodiment, each bar of Figures 3, 5, 7, and 8 is a pixel type bar. 
The pixel bars represent additional information with variations in, for example, color or 
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graphical or textual distinctions. Figure 4 illustrates an exemplary bar key for use in 
Figures 3, 5, 7, and 8. As shown in Figure 4, each bar can illustrate three different levels 
or types of information corresponding to high, medium, and low. Of course, a greater or 
lesser number of levels could be utilized. For example, a variety of different colors could 
be used to distinguish between numerous levels within each bar. 

[0027] Looking to Figure 3, the Y-axis is further divided into "positive sales" and 
"negative sales." A positive sale, as understood in the art, can represent positive income 
through a contract or sale, for example. By contrast, a negative sale could represent a 
returned product or a recanted sale or contract, for example. A dividing thick line in each 
bar distinguishes or divides the positive and negative sales. This line, for example, could 
be colored to visually separate the positive and negative sales. 

[0028] Figure 3 illustrates in a single chart (here a pixel bar chart) an example of Using 
visual comparison to analyze aggregated data (here number of transactions and total 
dollar amount). Each specific transaction (such as a single sale or contract) is represented 
by a single pixel in each bar. In the chart, the X-axis represents a day, and the Y-axis 
represents a value of dollar amount. Of course, representations in the X and Y axes could 
be switched or altered and still be within the scope of embodiments in accordance with 
the invention. 

[0029] In Figure 3, each pixel can be arranged in a variety of ways. For example, pixels 
can be arranged from bottom to top and left to right in each bar. The dollar amount ($ 
Amount) can be encoded in each pixel and represented, for example, as a color or other 
graphical representation (such as shown in Figure 4). 

[0030] Figure 5 is a drilldown illustration of hierarchy level (3) of Figure 2. As the user 
performs this drilldown sequence, the graphical illustration in Figure 5 is automatically 
generated or computed and then visually displayed to the user. For illustration purposes, 
the day of January 1 st is shown as a pixel bar chart. The illustration is generally similar to 
the illustration discussed in connection with Figure 3. As one important difference, the X- 
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axis in Figure 5 represents various regions. For illustration purposes, the regions are 
designated as various countries or geographical regions, such as JP (Japan), US (United 
States), UK (United Kingdom), SA (South America), CA (Canada), IT (Italy), etc. The 
Y-axis represents a dollar amount ($ Amount). 

[0031] It should be noted that color can be used to visually present information to the 
user. In Figures 3, 5, 7, or in other figures, color can be used to provide a visual 
comparison for aggregated data. For example, the numbers in the "Total $ Amount" line 
or in the "# Transactions" line could be colored. For example, a green number could 
visually signify that the particular number is above the average computed from the above, 
adjacent level in the hierarchical tree. A red number could visually signify that the 
particular number is below the average computed from the above, adjacent level in the 
hierarchical tree. A black number could visually signify that the particular number is 
equal to the average from the above, adjacent level in the hierarchical tree. Of course, 
other colors could be used as well. 

[0032] As a simple illustration, the "1M" in the line "Total $ Amount" of Figure 5 could 
be colored green. This color would signify that sales of 1 million dollars in Japan on 
January 1 st were above the average daily sales of Japan for the entire month of January. 
By contrast, if the U 700K" in the line "Total $ Amount" were colored red, then the red 
color would visually signify that sales in the United States on January 1 st were below 
average. 

[0033] In an exemplary embodiment in accordance with the invention, single or 
numerous hierarchical levels can utilize a drilldown function to illustrate comparative or 
deviation type information. The type or extent of such comparative or deviation 
information is vast. For example, comparisons with an average value or deviations from a 
known or standard value can be shown. Figure 6 shows one example. 

[0034] Figure 6 is a comparative illustration for Figure 5. Figure 6, for example, could be 
automatically generated or computed, upon actuation from the user, as a variation 
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window or graphical illustration to illustrate a difference in comparison. In Figure 6, the 
X-axis is divided into the plurality of regions illustrated in Figure 5. For illustration 
purposes, these regions are shown as JP, US, UK, SA, CA, and IT. The Y-axis is divided 
into standard deviations from an average, shown as a horizontal line approximately along 
the middle of the Y-axis. The average, for example, could represent the average sales of 
all the regions for January 1 st . Looking to the examples of Figure 6, on January 1 st , Japan 
had approximately 1 Y 2 standard deviations above the average. The United States was 
slightly below the average in sales on January 1st, and the United Kingdom was slightly 
above the average. 

[0035] Modifications to the comparative illustration of Figure 6 are quite numerous. For 
example, the average along the Y-axis could instead represent average daily sales for a 
month of all countries or a single country or region. Numerous variations are within 
exemplary embodiments of the invention. Figure 6 illustrates that comparative or 
deviation type information can be visually portrayed for a particular level or for a 
particular chart or illustration. 

[0036] Figure 7 is a drilldown illustration of hierarchy level (4) of Figure 2. As the user 
performs this drilldown sequence, the graphical illustration in Figure 7 is automatically 
generated or computed and then visually displayed to the user. For illustration purposes, 
the United States is shown as a region. The illustration is generally similar to the 
illustration discussed in connection with Figure 3. As one important difference, the X- 
axis in Figure 7 represents various products and/or services. For illustration purposes, the 
products and/or services are designated as personal computer (PC), server, printer, etc. 
The Y-axis represents a dollar amount ($ Amount). 

[0037] As noted, a comparison can be made of each bar's aggregated value, such as total 
value, with the average value from a previous level. For a data distribution, a resulting 
pixel difference bar can be generated. Figure 8 illustrates one such example. 
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[0038] Figure 8 illustrates an example of using visual comparison to present or analyze 
differences in data distribution at the record level. In this example, differences in data 
distribution are shown as product sales up/increase and product sales down/decrease. For 
this illustrative scenario, each product can be represented by a single pixel, with each 
pixel representing a single product sale at the record level. The X-axis is a day (for 
example January 1 st ), and the Y-axis is value or dollar amount ($ Amount). Pixels are 
arranged from bottom to top and from left to right in the Product Sales bar and Average 
Product Sales bar. The dollar amount.of each product sales can be encoded in the pixel 
color or pixel graphical representation, for example. Thus, each product on January 1 st is 
compared with a corresponding product in the average product sales bar. In the resultant 
or comparison sales bar, color is used to show the difference in sales. As an example, 
green can be used to show product sales on January 1 st as being greater than the average 
sales for that product. Black can be used to show product sales on January 1 st with no 
change or unfound. Red can be used to show product sales on January 1 st as being less 
than the average sales for that product. From Figure 8, the difference in sales (such as 
increase or decrease in sales) can be readily visualized at the record level Further, it 
should be noted that data distribution paradigms can comprise over a million data 
records. 

[0039] Figure 9 illustrates a flowchart in accordance with an exemplary embodiment of 
the invention. Per block 100 a user partitions and/or enters data. A user, for example, 
could enter data to develop or define specific levels for construction of a user defined 
multi-level hierarchical structure, such as the structure shown and described in 
connection with Figures 1 and 2. Further, the user can enter data to define or build 
specific drilldown sequences, such as those described in connection with the various 
figures. Further yet, the user can enter data to define how to partition the data. For 
example, the user can define the various X-Y axes in Figures 3 and 5-7. For illustration 
purposes only, some, user defined criteria would include," product categories, time (years, 
days, hours, minutes, etc.), geographical regions (cities, states, countries, etc.), and 
hierarchies. In short, the user can enter any or all of the parameters discussed in 
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connection with Figures 1-8 to enable a user defined visual data comparative structure. 
Additional parameters are also within exemplary embodiments of the invention. 

[0040] Per block 1 10, the graphical results are automatically computed as the user 
performs a drilldown sequence. Once the graphical results are computed, they are 
displayed to the user. The graphical results can be displayed in various formats, such as 
those discussed in connection with Figures 1-8. Preferably, as noted, each drilldown 
sequence automatically provides the user with a visual comparison with aggregated data 
from the previous, adjacent level. Thus, if a user drillsdown from level (N) to level 
(N+l), then the graphical illustration at level (N+l) will provide a visual comparison with 
data at level (N). 

[0041] In one exemplary embodiment, all bars are automatically displayed in descending 
order (i.e., the group of concurrent bars with the highest values is placed at the left-most 
portion of the illustration, and the group of concurrent bars with the lowest values is 
placed at the right-most portion of the illustration). In short, the user preferably can 
quickly identify the top three and bottom three groups or bars. 

[0042] Further, in one exemplary embodiment, value comparisons are made with data 
from the previous level in the multi-level hierarchical structure. Valuations can be 
colored or graphically illustrated for quick analysis. For example, green could represent 
high value (such as higher sales) while red represents low value (such as lower sales). 

[0043] Per block 120, the user can navigate graphical results through a multitude of 
possible paths along the hierarchical tree shown in Figure 1. The user could specifically 
choose a level from the multi-level hierarchical structure for a more detailed inspection or 
comparison. The user could thus drilldown, navigate up, down, and through the various 
levels to visualize both aggregated data and data distribution. Further, it should be noted 
that the display of such graphical results is not limited to the single illustrations. In other 
words, multiple illustrations can simultaneously be displayed to the user. For example, 
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the graphical illustrations of Figures 5 and 6 can simultaneously be displayed to the user 
on a single display or on multiple displays. 

[0044] The structure of the multi-level hierarchical tree can be used to compare various 
values or information (such as current ranking average, standard deviations, and data 
distribution) with average values from other levels (such as the average group value from 
the previous upper level or level (N-l)). For example, the user can visually compare the 
sales of a specific day to the average daily sales for the month in which the specific day 
occurs. For a data distribution, the resultant pixel difference bar can be generated. 
Further, visual comparison can be used to analyze differences in data distribution (such as 
increase and/or decrease in sales). 

[0045] Figures 1-9 illustrate various aspects of the invention. As shown, a dynamic 
hierarchical tree structure can be developed based on user input. This input can include 
specific drilldown sequences to perform automatic comparisons with data at various 
levels of the hierarchical tree, such as comparison of level (N) with level (N-l). Visual 
comparisons can identify discrepancies or differences in various paradigms, such changes 
in aggregated data (such as comparisons with average values), and changes in how data is 
distributed. These changes, and corresponding comparisons, can be revealed with 
different visualization techniques or visual data comparison techniques. By way of 
example only, such visualization techniques include two dimensional and three 
dimensional illustrations, including bar charts, pie charts, X-Y charts, and other graphical 
or data representative techniques. 

[0046] In another exemplary embodiment in accordance with the invention, data in the 
illustrations can be ordered to provide ranking or sequential information. For example in 
Figures 5 or 7, the bars can be aligned in a specific order to portray visual information. In 
Figure 5, regions with the top three sales can be provided first (here JP, US, and UK), and 
regions with the bottom three sales can be provided last (here SA, CA, and IT). In Figure 
7, products and/or services with the highest sales can be listed first, and products and/or 
services with the lowest sales can be listed last. 
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[0047] Further, a user can repeatedly drilldown throughout the multi-level hierarchical 
structure. A drilldown, for example, can occur to visually identify comparison results or 
deviations within the data. As such, exemplary embodiments of the present invention 
show not only visualizing changes in aggregation data, but also show visualizing the 
differences in data distribution while navigating or drilling-down through the data. It 
should be noted that the comparison techniques are not limited to pixel bar charts or any 
specific type of graphical representation. The comparison techniques can be utilized with 
various graphical tools, such as bar charts, pie charts, and/or parallel coordinates, to name 
a few examples. 

[0048] As noted various graphical illustrative formats can be used with embodiments of 
the present invention. Pixel bar charts are one such format. In a pixel bar chart, data 
values can be directly presented instead of aggregated into several data values. Each data 
item is represented by a single pixel in the bar chart. The detailed information of a single 
attribute for each data item is encoded into the pixel (for example, into the pixel color). 
The data can then be displayed and accessed. 

[0049] Pixel bar charts can be defined or specified with five tuples or attributes (such as 
pixel object, dividing attribute, Y-ordering attribute, X-ordering attribute, and coloring 
attribute). For example, Figure 3 can be arranged as a pixel bar chart and have five tuples 
(arranged as customer, day, dollar amount, number of visits/transactions, dollar amount). 
The pixel bar chart of Figure 3 can be constructed as follows: First, group the pixels into 
rectangles according to the grouping attribute (days) to divide the X-axis space. Second, 
fill the corresponding rectangles with pixels from the bottom and place the pixels in order 
inside each rectangle according to the pixel ordering attribute (dollar amount for Y-axis 
and number of visits/transactions for X-axis). Lastly, color or shade the pixels according 
to the pixel color or shade attribute (dollar amount, number of transactions, or other 
attribute). 
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[0050] Embodiments in accordance with the present invention can also utilize multi-pixel 
bar charts. Multi-pixel bar charts use different color mappings with the same partitioning 
and ordering attributes. In other words, different attributes are mapped to different colors. 
Preferably, each pixel (for example, each customer) is located at the same relative 
location across all pixel bar charts. At the same time though, each pixel shows a different 
attribute (such as number of transactions, quantities, locations, etc.). In turn, the color of 
each pixel varies according to the value of the corresponding attribute. The user can 
activate (such as "click-on") a pixel to get the corresponding attribute value. 

[0051] Embodiments in accordance with the present invention can be utilized for 
visualization of multidimensional data sets using multiple pixel bar charts and other 
embodiments using pixel bar charts. As such, United States Publication Number 
2003/0071815 Al (Pub. Date: April 17, 2003) and entitled "Method for Placement of 
Data for Visualization of Multidimensional Data Sets Using Multiple Pixel Bar Charts" is 
fully incorporated herein by reference. Further, embodiments in accordance with the 
present invention can be utilized for visual comparing or mining of multiple simultaneous 
presentations and other such presentations. As such, United States Application Number 
09/609,101 filed June 30, 2000 and entitled "Method and Apparatus for Visual Mining of 
Multiple Simultaneous Presentations by Plugging in a Plurality of Existing Graphic 
Toolkits" is fully incorporated herein by reference. 

[0052] The method and system in accordance with embodiments of the present invention 
may be utilized, for example, in hardware, software, or combination. The software 
implementation may be manifested as instructions, for example, encoded on a program 
storage medium that, when executed by a computer, perform some particular 
embodiment of the method and system in accordance with embodiments of the present 
invention. The program storage medium may be optical, such as an optical disk, or 
magnetic, such as a floppy disk, or other medium. The software implementation may 
also be manifested as a program computing device, such as a server programmed to 
perform some particular embodiment of the method and system in accordance with the 
present invention. 
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[0053] While the invention has been disclosed with respect to a limited number of 
embodiments, those skilled in the art will appreciate, upon reading this disclosure, 
numerous modifications and variations. For example, various types of data can be utilized 
with embodiments in accordance with the present invention. Such data includes, but is 
not limited to, revenue analysis, fraud analysis, business impact analysis, e-commerce 
analysis, or other business data. It is intended that the appended claims cover such 
modifications and variations and fall within the scope of the invention. 
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